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1. Introduction  
In this decade, industrial activities in France has led to emergence some abandoned and polluted sites. 
After many years of research on the cleaning up the soil, the contamination of the soil because of DNAPLs 
(Dense Non-Aqueous Phase Liquid) is still one of the main environmental concerns. 
There are some health and economic interests to clean up these sites with the innovative methods. The 
geophysics can be used to adjust and optimize the clean up process during the implementation work. 
Between all geophysical methods, the electrical methods have shown their ability to have the best 
performance in this issue [2]. In this study, we have chosen the Spectral Induced Polarization (SIP) method 
and Time Domain Spectral Polarization (TDIP) to follow up the resistivity and permittivity changes in the 
soil sample in the laboratory during the soil drainage-imbibition tests. The objective of this study is to link 
the geophysical-electrical signal with the presence of coal-tar pollutant.  
2. Theory  
1.1 Complex resistivity 
Electrical resistivity,  , is the constant of proportionality between the electrical current and the applied 
electric field (Ohm's Law) [1]. Variation of applied field has the main role in the current behaviour. 
Therefore, it should be independent on the frequency and time of the applied field. Absolutely, the 
electrical resistivity is complex with the form of                   . [1]. 
1.2 Mixing model 
Interpretation of the study medium combined with the three different phases has the strongest 
connection to the understanding of the theories of the mixing models, which prepare methodology for 
multiphase systems. The study-mediums are the combination of three different phases (glass beads, water 
and DNAPLs), therefore, study about these phases and the standard method to study the relationship 
between the conductivity of the sedimentary rocks and its porosity is defined by an extremely important 
experimental law that is called generalised Archie’s law (equation (1)).  
      
  
 
 
                                                                                       
Where   is the conductivity of the saturated rock (S/m),   is the porosity and   is the cementation factor 
of each phase. Generalized Archie’s law is established in the unsaturated-isothermal medium, but in the 
reality in some cases, we work with the non-isothermal medium. Therefore, we should take into account for 
this parameters as well. 
3. Experimental setups 
This study is based on the laboratory experiments, the laboratory tests carried out in the glass bead’s 
packed small cells (5.56 cm long, diameter of 5.80 cm) and 1D columns (25 cm long, diameter of 5.80 cm) 
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in order to estimate residual saturations, resistivity, phase and error phase in the frequency and time 
domains. Packed small cells are used in order to obtain the relation between resistivity and saturation 
(calibration curve) and 1D columns are to validate the calibration curves obtained in small cells. Each 
experiment is deducted through three series of drainage and imbibition process. The glass bead’s size, 
temperature, and surfactants are varied for different experiments. The pollutant is a mixture of chlorinated 
organic compounds with the density of 1660 (kg/m3) and viscosity of 0.0045 (Pa.s).    
       The second part of the laboratory experiments is carried out in a 2D tank (40 cm×65 cm). The main 
objective of this experiment is to validate the mixing model and calibration curves during DNAPLs 
pumping tests within thermal enhancement (non-isothermal, two-phase flow) and to compare with what we 
observe from imaging technique. 
4. Results and discussions  
Figure 1a shows the calibration curve of saturation versus resistivity and permittivity in a small cell 
during the three cycles of drainage and imbibition. As water has the lower resistivity value than DNAPLs, 
the increase of water saturation decreases the resistivity values and the variation of saturation and 
permittivity is exponential (Figure 1a). The increasing of the water saturation has led to increasing of the 
permittivity value. Figure 2b is shown the experimental data fitting with generalized Archie’s law curve, in 
this figure, the generalized Archie's law overestimates the experimental results but captures well the 
behavior. In this study, because of very high resistivity of the pollutant, the zone of influence is reduced.  
 
 Figure 1: (a) Calibration curves for a small cell, saturation vs. resistivity for a cycle and saturation vs. 
permittivity, and (b) the experimental data fitting with generalized Archie’s law curve (glass beads’ dimeter= 
0.5 mm, T=20 °C, f=1 Hz) 
5. Conclusions and perspectives 
An experiment was performed in three cycles of imbibition and drainage in a small cell, results proved 
that increasing of water saturation causes increasing and decreasing respectively in permittivity and 
resistivity. In the future, the data from all small cell experiments will be analysed in order to find a 
generalized multi-phase  mixing model formulation.  The proposed mixing model will be validated using 
drainage and imbibition tests in 1D columns and DNAPL pumping test in 2D tank. Moreover, the 
calibration curves may be used by the field data to find the saturation of each phase from the resistivity 
values.   
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Resistivity: y = 8E+30x-14.56 
R² = 0.9044 
Permittivity: y = 0.0012x2.057 
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